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Abstract

Printed circuit board with a Cu fine pattern was
fabricated by electroless plating and laser irradiation. A glass
fiber-reinforced epoxy resin plate was immersed in a Pd**
containing solution, and then Cu metal layer was deposited on
the epoxy resin by Cu electroless plating. After Cu plating, the
Cu deposited specimen was irradiated with a pulsed Nd-YAG
laser in air or doubly distilled water through an iris diaphragm
and a convex lens to remove the Cu layer locally. The width of
the Cu removed area increased with increasing laser power and
with decreasing scanning rate of the laser beam. In the case of
laser irradiation in doubly distilled water, the Cu layer around
the laser irradiated-area was rolled up to form less precise
patterns. Fine Cu-pattern coils with 60 ym width and 20 um
intervals were fabricated on the epoxy resin by laser irradiation

in air.
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TR, XY a7 v 2 VFEICRESINDEFHHE O
Mg, MBI OREELIZHEY, ZRAHICHWWLER D T
Uy FEBRICB T 2EAKRB X OCHEAMO &5 D5 MM RN
Kb TWD, it Tix, BARE, BB HE B2 10 pgm, 10
pm O 7 7 A4 VR E — VB BEFICTA o TWD P EE
T PEBRRITAEBERICAMMTZRBEE RS Y F
3T HZEICEVERHRIATWEI Y, Ry F U7 TREIC
BUILIZWMBEOL —N—xz v F 72k, BEHBRIEZ KL
HZENHELL o TETWVDE Y, ZOXORBEANL, L
— P — L EBEBRIAFEN R FIEZM RS D - MO E R R
DHZE - BAENERICITDODNLTW D,

L= — LB FHNFEEZRH O CHEBENR LI Cu i
MEFER T 272D FiEELTREHNRZRLDIX, o & KIE
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D, ZOHEOHBAEZIEF, B Co fiHHEZ KR LD b,
Mmoo —YF—Z2HNDLZLICLY Cu ZELSEY AL Z
ENRFRRTHLDOT, EW Cu MMEMRETERT 52 & A
EBTHD, L2rL, L= =77 L=z ICLVBEMMIC
AKFESTDH Cud, VL—F—HHEHHMEICREL THET L
BEMERHD (F770) 9 —FH, FELIEZ, vL—HF—T 7L
—varvrEeAuvimTicsnw T, A ZKEKRFPICHREL T
V=Y —WE x5 &, LV —BEEHSRBL WKL T
WAKBEWR T CTREDICEBL, BEBAEARICT 7 U BMHEL
MNWZEERHLTWD P, LR T, Cudo & &Lz
AHEBBEREZAZAEKRKFPIZEELTL-VF-—BFEL21T5 2 &1
IO, 77V EFEOE M Cu Bt Z Bk T& 25 A 6N
b D,

AWRIZENTIEH, = A UEBERICEEMRE Cu o X %
fiorob, AP 2ZEZXAFPBLOEREARAPICHRFEL L —F
—WHEH AT LICEY  CulTHBOMERXB 2R T 5 &
Ebic, EdR o 7o ALY M Co M EAT D
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2. 1 RABogi#HELXOEEFEM Cub o X

REHICIE. U PEB B W D R JE R (FR-4, A
T AR RN T OBEREE Co B2rolbY., TR ED
JE & X 200 um BEL O 18 um TH D) @ Cu @ % 1k % 09 12 & i
LA UBER(EINRFEHMES Ra=0.94ym) & I W72,
TARFUBBEMRZEZ 30X20 mm*> O RE IOV HLED L,
99.5% C,H;OHE W T 10min B E X EHF E2IT-T2.% D%,
v a—rEiEeEMm L CRE OB BEMEEZ 20X20 mm® &
L7=obH F£1I1CxRL7E PICH,CO0),/CH,COOH & & & ik (LA
T PA*KFEWE E S, BRE 20cm’) (2 10 min BIE L 7=, &
Z PR N B EE BT, KEBIOEBELZDOL, £ 2
R LB EM Cudh o THEIK (FE 20 cm’) ITRET L
Lk, AR U LIC Co 2 E7z, BEMD -
TEIZICBT O2RAEBOHEEREE v 4 7 72 X (LIBROR
AEM-5200, SHIMADZU) I KV & T 5 & & iz, B &K
mPB L OmEEARE TBEME (SEM: TM-1000 Miniscope,

HITACHI) IZ kX v @l 2L -,
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M1EFlrv—Y—RBEEEOHRAKNEZ L TWDL, #HEM Cu
Do XREE a) ERAPBEIODb) 2RAEAZEKFICHERELZO
L, YL A Nd-YAG L — % — (GCR-130-10, Spectra-Physics,
W R 532 nm. A 10 Hz, 2NV 20§ 8 ns, £ — A E A 9 mm,
E— XJEA D 4 <0.5mrad.) ZEMBRICEHLE (T4 K
W)Y AW —HF =t —2Dx XX — 3 H 7 2542
FREHATLHIN, E—2HLEHEOTRLX —FEEIXIT U RS
HMTTFRINDHIELDEORN/MEIW, B, ZEKRKFO L —
P—MEH BV TIE, AB A2 KB KB Z S iz kPR
ffTEotrdichkF L. ABBLTELVEZ =Rt XYZ AT
— ¥ (PS-20, oK) LIty PLIzDOL, 230 a2 —X
— I hlk-xF—Yary bue— 35— (CPC-2DN., k5 #)
EFHWTRT y 7B T 52 L2k, ZRLAT—Y EOD
REEZ2BHIEL, V-V —0EEEZ2KVICEY 1.5 mm &
L7zob, £BAEBEf=60mm®» ¥l X (SLQ-30-60P,
VIR AW Lr—Y—F2EN L, L—-F—-RHIC
BWTiE, e XEABLEOMOER (L) 222P o054
X L=60.0mm, ZEAKHFOLAICIETL=67.0mm & 3 5
e ry, Rzl orXAoEAMMEBICKFELLZ, b— W% =
V—=P=1.0-9.0mW, L — % —BEHFEE v=10-50pums' (L

=Y = AT v THER 10 - 20 pm) O FME TR L - — %



TAVRBELEZEVWO REBOEXRHEHBS X OWMEZ SEMIZ XV
BMEL. . ColREHoOE(w) L PBIOvEORBBER L,

EdoBmEM Cu Do X 2l LR EIZ, MEBEXRO L —
Y- ZIT5 LIk, MM Co R E2AT D2HETY
v MELCRRAR 2R AE L 2.
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3. 1 ZTAHARIFUVEBERICBIT 2 EEM Cu - @ 0N H
% &)

X 2a) X, H T AMERAL T UBEROZTEB XK
W SEMBEHEZRLTWS, BIEREICETERE yum 2 E 0 &
Moz oMLEENBEIN, WnEFE XY ZoMMNiE
B S uym BEORIZAL WL ERnbbd, K 20b)
. Fd o= K EFOBAERAEE 1 ICHE L POKER (T, =
328K) IZ t,y=10min B{E LD H, £ 21/, L7ZEERM Cu
Do XMW (Te, =363 K) I t,,=180minZIET 5 2 &2k
W Cu oz LA BoXxmMBLOWMBEHEZRL TW5SH,
KEEEXV, =KX U BEKRITERE pm B E O MM 72K
Fh bbb Cu BICEDLDRL TWIORBRERINS, rngHE
ZBWTIE, TORGBGOH =R HEKR., FRoB 0
Wy Cu At . B o B s A EOR 0 GA B B B (T Xt
S LTHEY  ColzARFUHBEHROMMBRICH > TIEIEH
— L, ZOEIEF 7-10 ym THDHZ ENn bbb, Cu
T RF UM HROMMEEOMAKTIC L EL TV D E
FRABESN . CuffitHB LR OHIEREOT b — 2 R

L BRERBEEIMGETES, MHMARIT v FF—F
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HBERBRET oA CulTHBEORBIZBEI Lo
7=

¥ 31F., = A* R EHRE P> KEWK (T,, = 328~343 K)
IZ 10min FIELZOL, EEM Cud > ZHEW (T, = 343~
363 K) 2 te, = 180 min ¥ CTRELZIWVWDO, A OHEEE
It (AW) BLXO AW LHEMB Lz Cutf g o B i m72 E &
(d) & te, 0B E R LEbOTHDL, 22 C, dIZLTF
» =

d=AW/p (1)

X kDo, plE Cud®HE (8960 kg/m’, 293 K) % H
WTW5b, a) T,y =328 K/ Te, =343 KD EEIZFE W TIiE,
AW T te, EEBICHETFEMT 2000, 0K EITMHRD TiE
<, 180min BEH®% O AWIZ 12lgm?>TdH Db, REXHHB &
O WD SEM A4 A —2 X0 BEE 1 pum LT O Cukl 2B
HWlcH LT b0, ZoONMEEEIEIRD TRY — T
HO ., frHL TR nESLEZEBEINT, Te, DK &
EHIT, AWODOHMEENRELSRDLDD, ¢) T, =363K I
W T IE . te, = 120 min ABE TIE AW BT & A EZEL W
ERbIND, d) PPYUKBBIROIREZ T, =343 K& LB E
ZiE, BT D AW OB MEENIHICH KT DL L

. AW D EHFMICET AP ELS D2 LE0RHLNTD
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5. b) ~d) ORBOWEB L LY. te, = 180 min ® fE E i
HoEEATO L, TARFUMBREN Cu TRV ERICED
oL EDBNDbNrol,

TR X UBIEKRZ PATKBEIRICIRIET D2 & RE XA IS
Pd(CH,COO), bW ET 2 b0 Exo6ns Y, ZoRE
FEEM Cu Do ERKRICRET 2L, AP Rm O PPN
H,PO, IC XL WE T &N, PABXMH T B 2 1,

Pd** + 2H,PO, + 20H = Pd + 2H,PO, + H, (2)
Pd ik B BT L7z b, Pd b+ EEICE W TLU T ORI
WHEATL, REE®mICCofTHBRIERS D ',

Cu’* + 2H,PO, + 20H = Cu + 2H,PO, + H, (3)
B 3c¢) BLWd) ORABIZEBWT, T, ,BAEmWIZE AW O #
MEENRE N ERLLLIN, THIERABXRRICKE T D
Pd(CH;CO00), D &N T,y & & bITWM KT 7D EEILND,
T, WITRoREBIZBEWTH ., te, = 120 min © & F i O -
FWCE 2T AW =50 g m?OEFMEZ TN, Z it #EM
Cu o ZTHEBEPIZEEND Cu*" P E2TETCHHBLEZI VWD
HEAEL (47.7gm?) ZIFEF%HELL ., te, =120 min O & E fif
Do XWXV, Do EEWK (20 cm’) O CuDIFIEREN
LB 2N, BB Z0OKATHD > X HEIKRO AL,

REOCPLFIEEOCGWHICA L LEZ, EFEINBER S O Cu**
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BRIV FFREVWOIT, BEMD o0, LT ORI
FOVAEKRTDH PEBILO NN, ®oZTBPTICWRYIAETN D
kB ZLRN D,
H,PO, + (1 /2)H, =P + OH + H,0 (4)
Ni** + 2H,PO, + 20H = Ni + 2H,PO, + H, (5)

BB, HRMICBWT 'Y KRR EFAKROEFETT LI =T A
FZRMBEEMRCuD X ZTo7EWVDOP BEXUNIOEA
BElX,. T EFN 03 BLW®35atm% TH o7, AHFREITE W
THRIFOEBIPEZALTCVD EIRET DL, HTHEIT 493 ¢
m?EHEINN, EFRERLLE I KT D5, Do EHITIE.
kAl L LT EHEERLD 7BV BMESTENRD E THEI N
HZN, FOREIZOWTIE, BETL 2o 2,

M 3OLHMEICTT LI, Cuo X EN Cu XL T BJE
CRUBEBEZAET D ENREL TRODE te, =120 min LE DO D
S EBEIIEIANS55 um TH VY, SEM A A —2 (X 2b) b
Bons2EEy., HF/AS W, ThiE. 0o & EHNERK
um O WK F B> TR Y . MR F B O/ 22 O£ TR
FoTOHOEBOHENTOEEN NI VWEDLEEZIDLN D,
COXEO Yo T EOMEIT, EROEBEIALHICEREEL L

ABTBEEN D4, ABFEICS T, BRM LA E,
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3. 2 LV—H¥F—HMHEICKD CulrtE o H

M4 F, = AFUBBRIZK 3d) O%MF T te, = 120 min
DEEM Cao Do X zfTolcDb, AEZZEQRPICTHRFEL T
L —H =% T4 VB LESVWD Kl SEMEH %273 L TW
L. B, TAVRHEICEBT LV —DRT v THEIEL 20
um TH D, a) P=1.0 mWIZBWTIiX., ¥¥ 23 ym O IE T
Cu EAHERMUICAE -BREIN, Cu RESHICIFFHO =K
FUBMBERBIEESND, £ CaBREBAMEICIE., L — ¥ —
ML vBEOcER - BELZEEZDLNLD Cu AEE
WA, BLXZ 10um O TRERINLTWVWDL I ERDMNDH, Cu
frEE oA EMHICELLL TVWDIEREFIBIERSID N, 2
niFx, v—¥%—v—20BBRKPIHAETHYL., ZhEt AT v
WieEE LD T L, ZZFE - BRESHZ Cu i, V—HF
—HHIC TV BREMICER - ABLTREL, 20—
—F—WEHBEALICHEEL TSI D EEZLLN LN D E
B Cu DoZTEOMMEBNREWVWEDIZENEZHERT 22 &
TR#ETCH 72, M4Db) T P=50mWOEHETL—%—%
FTAVERHLEZELOTHY  a) OHBHICTHXT CuREHO
A RELS 2D LI, BB RED LMD NP EICR-
TWDHZERPHALNTH DL, CulgEEHICIX, =KX 2 HEHEN

BEINLL2VnWI e, VWL =P =T =L ->T Cu ¢
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EHICHEFHERMPEIBREISNLTWVWDE EB XN 5,

M 5a) T EROMEEM Cubo X 2T B IZL — % —
74 VRELESVWDO, L=V —FEAEHRE (v) & CulrE
Wwomw (w) CoBEFfEEzZRLELOTHDL, WT LD P IZE
WTH, widvoliRELEDBIIEHEFRBRALATI2ERDRH D, P=
1.OmW, v=50ums'OFHFICTENTIE, wB 15um L TFOD
MM CubfrREIFA LV ZREETCETNWD I ERNDLND, K5D)
T, v&E XTI A—FX—ZLTPEwWwEOMEE v bLIKE
HLDOT, WTND vIZBWTYHE PR/NMIWNWHHFIZIE, wik P
EEDHLICEMRBWICHEMT 208 . P=TmW 2B x5 L& w DN
BN /NS Db ERNbNrD,

TR AVX BN AR gHmEHATHL—HPF—b—Lb%&HL X
CE VW EXRT L E ERMMBICBT S —F —0EK (D)
T TcERIND VY,

D, =21 /zn sin{tan ' (D,/2f)} (6)

TIT. A F VYo E, DL XENEHO L — P —

S
[t

B.f Ry AoBEREBERETH 5, AUFRICE W T,
A=532nmtm, Dy=1.5mm, BXN® f=600mm THYH, £h
TnhE (6) RICRATHE, D; =271 ym & 725, Z OfE
EXb5a) arLlleweitZdlEXbE, WiTP=1.0mWIZTEW

TD,EV B/ EVZERDRE, 2HIE. L—HF—Dx= %L
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X =N T A MaHEo0I2, PRI 0VHEAICITL—F
—HREEOPLOBNERRE - BREISNTLLDODTHDL, P O
Rebbic, V=V —HWREBEAMED Cu NEFE - BREI .
ZOMWITPELEBICEBRBWIZERTLZ2LELEHIZ, P=7.0mW
U ETHAEEROBMRAESHICRDIEEZE X LND. XK 4D)
CEBWT, CalREBOBOH B R L RAHAKZ 0T, L
WOBBIZE> T CuBREHOEN P LLEBLICHKRKTDED
Thod. B . CoREHTEB T LRI VBB X XA — DI,
P=1.0mWIZEWTE, WFHLDvICEBWTH@ED LN RN
SN, POMRELEBLICZRA UHBBENER - ZRE L., #
VAN I A AV
M 61X EEMCuddb o THABETEEARKPIIRFELEZD L,

M4t UEHTL—HF -2 T4 BELESWVWDREA
SEMEHE %R, LTW5%, a) P=1.0 mWIiIZBWT|E, L—H%
—HHEH O Cu X — B[ - BELEZEEbi s A WS R
BlEINHI2 B0, CuldlrESNTWVWRWVWZI ERDbMND, Z
T, V=V =2 AaEREBXOPAEKIZEIN S, Cu kIl
BEFTLZX AN =N EFTIRLS ol TH D, b) P =
50mWiCe &, L= —HREHFTO CuadPE®E - -KEIND
MW CubBREHPFLOZARAFUBMBICELIBHR IS & & BT,

MEHME LD Co P2RFIHE2PLRFBEL., DIV ERN -

16



TWOLRTPBREIND CulREHOMIEIZA 150 um TH Y
ZERPICBT L - =M (K4b) ZHXTHZARD KW,
ZOEHS R L - —HEFELDO CudHEEILZ., P=3 mW U
FonwFnickswnwTbBEIn, HllZe Cu RET A V&2
T A5 EIIRETH - T,

X 71X, ®6b) IR L —F—MHHERKE O CuF EEE O
Wiz SEMICEXVEELAELOTH D, BB T OKEGODE Y
M REVHIEHR, AWVE SN CotfriHE TH Y [ 50um O
T Cu fTH A=A BAER S FEEL TV D788
Ehbd, =R UBIEREFRE Cu B K ® O MY %EE
XIEL TR, VL=V —RBRFIBTLI2BAEEICLIBESD
FOCuDZERIFTEEALEALN R W, BEM Cud o xR
ERKBERPICEAFELTL-F—2BFET L. -V —RH
HEHO Cu THE BT 2B ET. UFTOoXHEF x5
N5 (M8), Cu rtH#ic Ly —HF —2WRE T 5L, BHEEH D
CoBLOZHRFUHMIBREL/ABEMMWICERM - FEL THBES
., OO ICEEAKPRAT D (K8a), = &R F 2 H#lE.
Cu BIUOAHEAKZBEBL L — W —RHEMEL~BIEML.
TARFUBBORRELBRMOICEMT 272D . Cu =K F
VB OBEINDBWA L THEHAZHDOD > &/ =R F M

ERBEICARBEAKPRSET H(K 8b), il IZEL LA AKIT,
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AKX o THBENBRAEABERZII SR L, -V —RH
HEHO Cu THBEEZM L ET 2720, HEREET D LEH
bbb (KM8c¢), ZTHhiTx L TZHERH TL—H —MHE %17
STEHAIE (KM4). KORELEAEREICLDEBEEN AL
AN T Cu S HBE L 7R,
EHELOINEFTCOMEICEB WD, EXH~% 10 um ©
7T —FBIbEEBECELDNLET AV = AR, KMFR L
A C&RFETHP LY —BREZIT o5 A 2. 6, 7 \Z &
TEOR V-V —BHEBIHICBTI2EEOD < ITHEES
Nihol, Z2RIE.EFEMT VI =7 A0 (EEFE (240 Wm'!
K'Y 28, = X280 (H02Wm'K') OFhnITHk~NTHK
BloRkasE, V- —MRHFHEHILHBIZELIHEE L2V D L&

b b,

3. 3 MY bE R ORME

X 91, PA*KIRIKIRIE, BMEM Cud o &, BLXOZEAF
BTV —WEE2ITH) LTIV ERLEERETSY
FEMRKOEHR SEMEEZ L TS, L—F —HEE IV
T, P=1.0mW, v=50ums'., 27 v 7R 10 um O 5
frc, MBI RCLv—F—FRHFLE, P, By L

— YV —HRHEIM., F2bb CuREH. KO ODOES 2 Cuby it E
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THO., 60um D7 A4 UIEBIXR20umDOF vy v 7% HT 5
Cu MBI REINLTWD ZENb 5, T EME S IC
N5 Cufifl 72 4 it T, Cutri@Emo=> F7 X b
MW—HEHLLTWVWLIORBEIND, 20X 5 REKITL —
V—BEficIBEgsnrosn b, L—¥ —HHKIC
BiFTD Cu DFEFE - BECH-TRHEBLLOHBSNTET 7
VR EFELEbD EEZLRN D,

X 1 0., WMOWRLEBBEEMBMKO a) Wrim SEME HB
LT b) TOEKRKEEEZRLTWVWS, L—F —BEH O Cu
FTRERICARE - BREESN, TR ENLD Cu 74 DML T
WZRWZ ERHLENTHDL, T, V- —RHEHOT KX
VHEBIBICRERIA-—VEFBREIAR BRI ER DD, &6
. KM7ieR LRy = —REEEMEO Cu o HEEIT
BlEsnnw, L F—REFTCBEIN D= KX 851X,
L= —MRH LT ZORELRO ~EHAERM - AL TW
DD EEFEZADLDNDIN, RERLV—-—VF-—HREZHFEZH WD Z
ClkY, FHoOMLLER 2 MM 72 Cu MM % —=
YT EMTZENAETHL DL, L —HHDOI VDO NFER
AR RBL, a) BEOHWL—HYF—ZH W25 &, b) £
HEHTOE -2 RERELSTDHIE, BIW ¢ £ ABBEOE

WL Uy X EHWSHZE ((4) )ik, 73 7m 2007
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A U ERTHWMMM Cu MO T D LN TELLEE
bbb,

SBIE. MM - OEBRIEE Cu Do T BOE S &
EOBEKELTHEL, REOD>ETBLOL —¥ —RHE
HrRWwEdToernzvnEBELEEbRbs, 7. ZEAKPITB T
Ll —HF—RHEFICEBWVW TS, ERE Cu & BFBEL 2R WVAETL

HiEzBRiT T2 2 EDNEETH D,
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4 . fEwm

T AR = RN BIERICEEM Cu Do &% L
b, L= —BHEEHWT Cu HriE % R0 IC &R -
R+ H 2 Lick, WM coBBREATOEE Y U ONE
MR OEHERRTZ/ER, UTO/M@mE G,
(1)CufrtHABZZERPICRFLTCL— V-2 BT 2 L
VL= —WHEHHO Ca R HEHAICAREL THREIN, CurE
HWOMBWIZTL - —NT - RBEIOCEAHEDHD L &
KL< 725, L= =T =03 TmWZE#B x 5L, CulkEi
DIgIEdH E 0 EL R D,

(2) KEKRPIZEBWNWT Cu fiHEAB O L —HF —RH %217 5
L L= —WREHMEMAO CoBERFEST D20, WMk Cu
frET7 A 2R T D L ITIRETH D,

(3) MEM Cu Do XL -V —WRKfoE 7 r & 2|2k
D, 74 1E 60 yum, ¥ ¥ v 7 20 um OHM CuffHzEHT

LHEETY P EBRREIFER TS IAMEEDN IR S LT,
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AW x, dbvEE - BEAEKEENFIES X O XEH B EE -
HER S FE THRMUE BN EFHX —Hik COE OB K — )
MmMHLEDOMEEIZLVITODRTEZL DO THD, 2T I0EKHOE %

xIT D,
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K -Koxy Fvar

Table 1 Chemical composition of Pd*" containing solution
and operating conditions.

Table 2 Chemical composition of Cu electroless plating
solution and operating conditions.

Fig. 1 Schematic models of laser irradiation setup: a) in air
and b) doubly distilled water.

Fig. 2 SEM images of the surface and vertical section of
the specimen a) before and b) after Cu electroless plating.
The specimens were immersed in a Pd*" containing solution at
328 K for 10 min, and then the Cu layer was deposited on the
specimen by electroless plating at 363 K for 180 min.

Fig. 3 Changes in the mass of the specimen, AW, and
calculated Cu-layer thickness, d, with time, tcy,, during
electroless plating in a Cu electroless plating solution at
different temperatures Tcy. Before electroless plating,
specimens were immersed in a Pd*" containing solution at 328
and 343 K.

Fig. 4 SEM images of the surface of the specimen after
laser irradiation in air at a) P = 1.0 mW and b) 5.0 mW. The

scanning speed of laser beam was fixed at v = 10.0 pm s™'.
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Fig. 5 Effect of a) scanning speed, v, and b) laser power, P,
on the width of Cu-removed area by laser irradiation in air.

Fig. 6 SEM images of the surface of the specimen after
laser irradiation in doubly distilled water at a) P = 1.0 mW and
b) 5.0 mW. The scanning speed of laser beam was fixed at v =
10.0 ums .

Fig. 7 SEM image of the vertical section of the laser
irradiated-specimen in doubly distilled water.

Fig. 8 Schematic model of rolling-up of the Cu layer along
the Cu-removed linear area formed by laser irradiation.

Fig. 9 SEM image of a Cu fine pattern coil fabricated by
successive steps of Pd®’" containing solution immersion, Cu
electroless plating, and laser irradiation. Gray parts
represent Cu deposits and black parts are glass fiber-reinforced
epoXxy resin.

Fig. 10 SEM images of the vertical section of the Cu fine

pattern coil at a) low and b) high magnifications.
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Table 1 Chemical composition of Pd*" containing solution and

operating conditions.

Pd(CH;COO), 8.9X10* kmol m™*
CH,COOH 1.7 kmol m~?
Temperature, Ty, 328, 343 K
Immersion time, tp, 10 min

pH 2.1

Hml, MEKK, WAEBR., s FEW . BB E. A LE M
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Table 2 Chemical composition of Cu electroless plating

solution and operating conditions.

CuSO, 0.03 kmol m™*
H,BO, 0.25 kmol m~?
NaH,PO, 0.27 kmol m™*
NiSO, 0.002 kmol m™*
Sodium citrate 0.06 kmol m™*
Temperature, T, 343,353, 363 K

Plating time, t. 60, 120, 180 min

u

pH 9.2 (Adjusted with NaOH)

s KK, RAEBR, BRI, RER. A bE M
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a) Laser irradiation in air b) in water

Fig. 1 Schematic models of laser irradiation setup: a) in air and b) doubly distilled
water.
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Substrate

10/ pm’

Fig. 2 SEM images of the surface and vertical section of the specimen a) before

and b) after Cu electroless plating. The specimens were immersed in a Pd?*
containing solution at 328 K for 10 min, and then the Cu layer was deposited on the
specimen by electroless plating at 363 K for 180 min.

wipEth, MK, RALES. SHERHA. KRFE. HLUEHE
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Fig. 3 Changes in the mass of the specimen, AW, and calculated Cu-layer
thickness, d, with time, t. , during electroless plating in a Cu electroless plating

solution at different temperatures T . Before electroless plating, specimens were

immersed in a Pd?* containing solution at 328 and 343 K.
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Fig. 4 SEM images of the surface of the specimen after laser irradiation in air at a)
P =1.0 mW and b) 5.0 mW. The scanning speed of laser beam was fixed at v =

10.0 um s,

FihEth, MK, IRAER. SFRA. RKRFE. HUEHE
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Fig. 5 Effect of a) scanning speed, v, and b) laser power, P, on the width of Cu-
removed area by laser irradiation in air.
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Fig. 6 SEM images of the surface of the specimen after laser irradiation in doubly

distilled water at a) P = 1.0 mW and b) 5.0 mW. The scanning speed of laser beam

was fixed at v=10.0 pm s

HihEth, MBEK, IRALER. SFERA. KRFE. HUEHE



Substrate 20 p;m

Fig. 7 SEM image of the vertical section of the laser irradiated-specimen in doubly
distilled water.
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b) hd
c) v

Fig. 8 Schematic model of rolling-up of the Cu layer along the Cu-removed linear
area formed by laser irradiation.
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Fig. 9 SEM image of a Cu fine pattern coil fabricated by successive steps of Pd%*
containing solution immersion, Cu electroless plating, and laser irradiation. Gray
parts represent Cu deposits and black parts are glass fiber-reinforced epoxy resin.

HihEth, MBEK, IRALER. SFERA. KRFE. HUEHE



Resin Cu

Substrate

Fig. 10 SEM images of the vertical section of the Cu fine pattern coil at a) low and
b) high magnifications.
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